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Abstract  continued 


PM  allov,  formulation  of  a  color  micrograph  method  for  titanium-hydride 
determination,  and  use  of  new  microcomputer  methods  for  stereologlcal  analyses 
of  microst rue tures .  The  Materials  Characterization  Facility  is  described  in 
terms  ol  the  physical  plant  and  the  methods  of  operation  used  In  accomplishing 
the  research  on  microstructures. 
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SKCMUN  I 
INlKOliH  1  Ion 


Allovs  of  aluminum  and  titanium,  n  i  eke  1  -base  . . .  |. 

materials,  ami  composites  are  of  major  s  i  pn  i  t  i .  am  «  t>  t 
Air  force. 


Research  on  high-st  rongt  h  aluminum  allovs  ha.  now  *  n<  «•:*;  »> 
the  compositions  that  can  in*  mad*  usin^  standatd  It  *;i.  . 
and  work  processes.  There  is  eons i de rah  1 1  id.  u«  •  t  nit  <■: 
technology  viH  lead  to  allovs  having  t  m  ^ » r » •  - .  ■  l  » *?ie .  ino  .  -i 
toughness,  and  st  nss-rorrosion  resist  an.  «  ,  as  .  .  >t»:»  » -*  i  .  *  * 
and  perhaps  even  improved  fatigue  proper!  i*  .  V^i-i  jo.  - 
a  1  lovs ,  however ,  is  a  «  1  ass  of  m  ia  >«sf  r  si,  f  <r .  n>  t  .  .,  <  • 
ven  t  i  (Mia  I  a  1  I  ovs ,  and  t  in  i  r  r  o  i «  in  .  on  r  r  *  ■  I  i  » n  .  ,  r  .  .  . . 

est  ab  1  i  sited  . 


One  ot  tite  aims  ot  the  resear*  h  of  t  AfwAI  Mat*  r  ,  a, 
examine  microst  rue  t  ure  /  prope  r  t  v  n-  bit  l.utsl  n  il- 

poss  i  b  1  e  proh  1  ems  w  i  t  ii  tin*  a  I  ami  mini  i»ow<i»  r  i  *  nn  , 

e  x  am  in  i  ng  t  iie  role  of  the  vat  i « *u  s  Mt  nst  i  ,  t  .u  ■ 

powder  a  l  1  ovs  in  the  1  i  c  h  t  o*  t  h»*  i  r  «  *  ?  »  .  t  .  *  - 

prope  r  t  i  e  s  o  t  t  at  i  >•  ue-n  raek  -  c  rowt  i.  i  a  t .  ,  t  •«!.»■  n»  *  , 

res i st  ance . 


l  ont  inning  «  I  t  or  t  s  to  i rap i  > » v «  t  1 1  at*  <»n  a< 

p»*rf  or  man  *  »  ,  t »  1  i  ah  i  1  1 1  ,  . .  t  ,  m  t 

i  n  f  1 1 j«*m  t  "!  mt- 1  a  1  1  of  *;  i .  a  1  a  r  .  r  < .  - 

pro*  ess  i  rir  and  .  ornpos  i  t  i  * »n  r*.a  •  *  ?  .  •  , 

t  * «  ot-t  a  i  n  f  I  a  desired  p  r  op*  r  f  ;  • 

I  a  be  rat .  *i  ■.  «-t  f  or  t  is  t ,  ,t  .  ;  .  /•  i>  ut 

Itiil  restful  tiilr  o!  t  ifdtlliiti  <1  i  I  .  •  .  ?  :» 

ments,  an*!  minor  alio  114  nan**  - ' 
as  improve  m*  an  a  lu*  s  .  ;  i.«  a  t  i  1 1  .  .  ; 

proper  t  1  es  but  ,  b\  nn  ess  1 1  v  ,  in*  l  odes  t 


I 


It  is  not  current lv  possible  to  predict  the  mechanical  properties  of  a 
material  from  its  m i cros t ructure  in  a  quantitative  fashion.  The  ability 
to  do  so,  however,  would  substantially  reduce  the  amount  of  mechanical 
testing  required  to  evaluate  a  material.  Recognizing  the  increase  in 
reliability  and  the  cost  savings  that  would  result  from  the  use  of  quanti¬ 
tative  techniques,  the  Materials  Laboratory  has  been  active  in  the 
mant  i t at i ve-met a  1 lographv  area  in  the  past.  The  theme  of  the  work  has 
t  'if  development  of  the  techniques  necessary  for  the  recording  of 
rr:  i  4  roit  r  u«  t  ura  1  information  in  a  form  which  can  be  handled  by  a  computer 
and  the  development  of  the  means  for  subsequently  relating  the  micro- 

•  tru.  t  iral  information  to  the  mechanical  properties. 

.  .  lant i t at  i vr-met al lographv  effort  has  been  concentrated  mainly  on 

*  .tar:;  a!  L»vs  since  it  is  considered  to  he  the  most  challenging  area 

*  -.r-,..  an1  t  he  ,»ne  where  the  need  for  quantitative  techniques  is  greatest. 

•  u.  .  »  ,  ♦ h«  quant  itative  program  was  one  of  technique  development  and 

:  . !  .  .  t  :  !  i  i  *i  t  *  ■  1  To  the  et  fort  in  m  i  c  ros  t  rue  t  u  re  /  proper  ty  relationships 

,  ar  t  >  -»t  t  h  is  program. 

.  •  .  .  /  it  in  turbine  engines  offers  significant  potential 

•  •  i  ien«  v  ami  lower  cost .  Recognizing  this,  an  Interagency 

-  -i*  .  i  i :  r  the  Application  of  (Ceramics  to  Turbine  Engines  was 

•  i  -  \:r  !or>  to  jevelop  an  interdependent  program  as  a 

.  *■  •- a  n*  e  **?np  1  i  aliment  s .  It  was  agreed  that  the  Air  Force 

«..»?•  u.  *  ’..it.  r  ;  a  l  s  developed  hv  other  organizations  and  also 

•  *  •  •  •  f.  »i.  in  :  \ar  a <  t  »* r  i  zat  i on  for  t he  component  programs  of 

*.  c  if  .  .  -h  Materials  laboratory  activity  covers  the  area 

*  ’  '  ♦  *  t  vs i »  i .  t .  r  i /.it  i on  and  that  area  of  mechanical  behavior 

•  *.  ti  ?  i  1  i .  a  t  ion  o  t  ceramics  to  turbines. 

i  -■  i  i  .  .  u  ;  1  i.  .  d  hv  t  he  Air  Force  on  the  durability  of 

«  i  i  **(•  •  *  .  >  •  the  rap  id  lv  increasing  acquisition  and 

t  ■  . -.I*"--  ire!  the  burden  to  the  Air  Force  in  maintaining 

*  s.  -  «r  r-  .fi  e  l.  i)nr  of  the  most  significant  results 


ot  the  recognition  of  these  problems  was  the  in!  todm  t  ion 
Tolerant  Design  approach  to  new  USAK  airframes.  p. 

advanced  engines  has  produced  a  need  t  o  resort  !  d  mor*  *  ? 
in  engines.  These  problems  have  led  to  Materials  laboi.it. 
development  of  improved  techniques  lor  pndietim-  the 
engine  and  airframe  components  and  to  in  ve*>t  i  eat  imb  »•*  im 
the  corrosion,  stress-corrosion,  and  rortosion  tat  i  k  ■  i  •  « 

structural  materials. 

The  program  on  microst  ruct  ura  1  charac ter i rat  ton  lompleitant 
above  areas  being  carried  out  within  the  AFWA!  Ma?*iiaK  ; 
Tniqtie  equipment  and  specialized  investigative  t .  .  •«»,  •  ;  e  . 
laboratory  were  used.  The  program  provided  ti>«  4  l<  •  :  i  • 

required  for  effective  at  comp  1  i  sbmen  t  ot  .v  «.fi  »  -  : 
the  inherent  lv  diverse  explorator  pro^im*  nar  i?.  ' ■  • 

work.  To  meet  these  needs  ctlo  tivrlv,  the  ,i  ►  i  an 
at  the  AFWAL  Materials  Laboratory. 

The  owr.il  1  ohiei  tiv*  o  *  t  h  i  s  pm.'j  rr  *  4  i 

c  iia  ra*  t  <  r  i  s  t  i »  o?  :•  a  t »  4  i  a  1  •  r  •  *  .  It  •  ■ 
research  and  development  :*•  *  ’  i 

integrated  w  it:;  on- coin-  i  *  s.  it-  •  .  >’  »* 

materials  in  t  hi*  A  i  *’.%  A  l  Mat  .  t  i  i l  •-  a  *  ■  :  \i  «•' 

Techniques  employed  wer(  *  v  ’  t  i  -  i  i  -  •  t  t  1  ;  •  • 

quantitative  metallography,  an.:  -a:  it*  at  *  *  ■ 

required  application  ot  standat-i  -w*  < 
of  these  methods. 

Materials  on  which  char .it  t .  r  i  /a  t  i  *• 
nonmetals  such  as  cerar.i*  ^ ,  -  it1  »n  ’  ; 

Allovs  included  those  ot  alur  inu?-,  f  \ 

Boron- 1  i  t  an  i  um-s  i  1  i  eon  compo*,  i  t .  s  an.: 


r  \  ’ 


!.*«<,  ’  f  *i«  *  V  I  t  t  f#l(M  ♦  d  ri^ul  *  .  p  ,  t  hrl  M)I  iMIplrv 

-•  i"-  .  «••’*»  i  sn^  an«i  4  ont  1  oil  in*  d«» .  i«  #>*  A  «km  1  l 

at  1  '  «  1  >  •  •»  '  i,  ii  uu  n«**-tif'«i  ci!  t  ** 

VA  \  A  »  HI  \  ’  *  '  A  •  :  .  I  :  ^ 


a »  •  1  Ttuif  •  - 1  i  a  1  «•  .  hat  a  1  t «  r  1  #  «*<1  and  t  ht  1  nt  *>gi  at 

*-  »  a*  w»»r  1  1  shf it  w«v  nf  1  i  »  to  oTgantr# 

'  ‘  at  »  «  -  <  1 1  *■  w«?i  *  *>*tu.  ♦  ,<  *>r  *  T  imf  »  \  ha  •*  1  v  in  a 

■  ’  ,  •  t  «*4»nn*  t  in»;  1  *n  1  *  m»at  *  h  .  *  ont  .  o  1  <»* 
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».  o  pap*  is  jmiM  inlii-ii  or  presented,  in  quart  erlv  and  annual  reports,  anti 

h  ,1 1  -*  ii-'.  ion**  with  appropi  i  at «  engine*  is  and  srientists  with  whom 
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,  i  if  1  1 1  ,«  f  i  on  s  .mlhore«l  <  o- ant  hored  hv  SK)  personnel  art1  listed 

,,v.  ’».*  .-it  4  omp  1  i  shmen  t  s  t  .  p<  *  r  t  *  <1  in  these  papers  were  related  to  studies 

\!  d  |,r.  ,  Ii  sup*  t  alloys,  nontnt' t  a  1  1  .  es ,  and  ceramics,  Copies 

t  ,  ,  *;,r-  Hi  I  I  ''til  tilt  .nit  hops. 


•- \  \  :  \  ;  i u%:-  \\ 1 1  n  hi  it  ai  ions 

"  *l  i  •  pa  r  at  i  *m  ot  single  Aluminum  Powders  tor  TKM  Observation," 
sail  tnii  ana  K  .  *  >m  1  r  ,  T^- ATM!  hall  Meeting*  St.  Louis,  MO , 
■  •  .  i  i  11  v  . 
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•\  *  |  j  ,  ( i  j  ; ,  » i  .  i.t  t  a<  1 1  t  i  /  at  ion  ot  lit  an  i  um  A 1  1  ov  Powders ,  "  R ,  E .  Om  1  o  r  , 

,  ,  t  i  t  ■* ,  r.  Baton,  I».  l\1onf  and  F.  H.  Froes,  ASM- IMS  Meeting* 
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,  i  tT  .T,  4  x,  .«  ,  .?.*!  i  . t c  i  vint  i' rml  In  ('1  (*1  Aluminum  Powder, 

i  t  /•  W.  v.  'rifftth,  M.  y.  and  k.  F.  (hnjor*  KMKA-MAS 

\(|  in,  ,  \  1 
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^an  Ant  on  i*'«  v  l**  7'1- 


8.  "Morpho  logical  and  Micros!  rticlural  Evaluation  of  Various  1  Itanium  All«*v 
Powders,"  I).  I'v  I  on ,  K.  K.  Dm  lor,  K.  I.  Bat  on,  ami  F.  H.  Froes, 

AIM!  Symposium  t>n  (i  Powder  Metallurgy,  las  Vegas,  \V,  February  1980. 

/.  "M i crost rue t ure  Property  in  Cold  Pressed  and  Sintered  Elemental  M-hAI-^V 
Powder  Pomparts,"  Y.  Mahajan,  I).  Kylon,  R.  Bat  on,  and  F.  H.  Froes,  A I  Ml 
Symposium  on  Ti  Powder  Metallurgy,  l.as  Vegas,  MV,  February  19H0. 

8.  "Thin  Foil  Preparation  of  Preal loved  Metal  Powders,"  L.  L.  Matson  and 
R.  L.  ()mlor,  Second  Annual  International  Conference  on  Liquid  Solidifi¬ 
cation  Processing  Principles  and  Technology,  Heston,  VA,  March  1980. 

9.  "Advanced  Titanium  Alloy  Development  via  Powder  Metallurgy," 

A.  0.  lack son,  J .  Moteff,  and  F.  H.  Froes,  TMS-AIMK  Symposium  on  li  PM, 

Las  Vegas,  NV ,  February  1980. 

10.  "Dispersion  Hardening  of  the  Ti-3Al-2.5Sn  Allov  I’sing  a  Powder  Metal lurgv 
Approach,"  A.  0 .  Jackson,  J.  Moteff,  and  F.  H,  Froes,  Fourth  Internal iona 1 
Ti  Conference,  Kyoto,  Japan,  May  1980,  and  published  in  Ihe  St  ience 
Technology  Application  of  1 J  ,  Metallurgical  Society  of  A 1  ML ,  1980. 

11.  "Selected-Area  Diffraction  Ring  Patterns  in  Al-Zn-Mg  Powders," 

J.  Santner  and  R._  K.  Omlor,  J.  Mat.  Sc i .  15,  784  (1980). 

HICHLICHiS  OF  SPECIFIC  MAT HR l ALS-CHARACTKR I ZATION-FAC 1 1.1 T I KS  ACTIV1TIKS 

Brief  descriptions  of  representative  research  efforts  will  now  be  presented 
for  electron-optics,  optical  metallography,  quantitative  metallography,  and 
spet  lal  projects.  Only  the  highlights  are  presented  here  since  detailed 
reports  have  been  submitted  separately. 
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\  it  .  t  i  nn-**pt  i  *  •* 

I  r  in  ;  •,  »  ion  I  l*i  (  I  till  M  i  t  t  i»s»  * » |> \ 

in  !  \*  \  1  -al  |o  a  t  .*4  iin  i  que  lor  preparing  thin  toils  tor  TKM  was 

'•t'.iii.i  ■  1 1  ul  mnlitii.t.  tli  i  ^  technique  allows  preparation  o!  a  toil  from 

’■at  i  i  til  .til  lat  tut  to  a  trat  tun  sari  ate;  this  permits  studv  ot  the  modes 
‘  iamact  att  unnilat  ion.  Muring  the  course  ot  this  studv,  a  secondary 
at  i  *: ! u  >  i  at  k  in  a  t  I  41  aluminum  powder  product  was  isolated. 

!».«  ’  r.i.  t  uh  Miri.i»v  ot  a  tatigue  crack-growth  specimen  was  removed  using 

i  diamond  <ut-off  niw  ami  ground  until  onlv  t races  ot  the  original 
r  *  iugbn«  ranaintui.  the  opposite  side  of  the  sample  was  ground  until  an 
•'-'  il  t'iitknes*.  wa^  attained.  I  sing  a  cupped  punch,  i/i-in.  disks  were 
iifit'1.  <*d  t  i  on  t  n«  sample.  1  tie  disks  were  caret  ullv  ground  (on  the  side 
vpositr  t  tic  ?  r  at  lute  surface  onlv)  t<>  a  1-mil  thickness.  The  sample  was 
t 'i«  n  *  1 «  t  t  r  opo  1  i  shed  in  a  double- jet  polisher  until  both  sides  were  shiny 

^t  >  .  !.  »‘nt  si  ot  tin  polisher  was  marked  off  to  protect  the  fracture 
'  .»  '  a.  .  '  i  nn,  tuft  tier  attack,  and  electropolishing  continued  on  the  side 

.';u*o-»f  tiu  t  rat  tui  e  surface  until  perforation  occurred, 
hi  l  i  siting  solution:  Jfb’  UNO  ^ 
turient  hens i t  v :  Ml  V,  2  >  mA 
I empe rat u re :  -  i  >  ( 

Polishing  unit:  Twin -Jet  Fischlone. 

Samples  representing  dehvdrided  and  hvdrided  Ti-h-4  were  examined.  The 
hvd rided  specimens  were  verv  brittle,  and  the  macros ample  required  a  special 
mask ing-poli sh ing  technique  before  electropolishing  could  he  performed 
using  standard  techniques.  The  specimen  was  cut  at  a  thickness  which 
prevented  breaking,  10- IS  mil,  and  then  five  1-mm  discs  were  marked  off  using 
a  TKNKI  acid-resistant  tape  and  microstop.  This  bulk  sample  was  then 
polished,  and  fairly  uniform  1-mm  discs  were  produced — still  at  a 
thickness  ot  10—1 S  mil.  These  discs  were  hand  polished  down  to  a  thickness 
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of  1-5  mil  and  then  electropol iahed  using  standard  polishing  techniques. 

More  than  200  micrographs  have  been  taken  of  this  tvpe  of  specimen.  'mm* 
examples  are  shown  In  Pigs.  1-4. 

The  Philips  300  electron  microscope  was  used  In  a  series  of  tests  on 
T1  6-4  +  H  with  the  hot-stage  attachment.  The  specimen  was  tested  at 
several  temperatures  for  fixed  periods  of  time,  the  final  temperature 
being  350°C  for  20  min.  Examples  of  the  work  are  Fig.  5-6  which  show 
the  same  area  subjected  to  various  heat  treatments. 

In  a  continuing  program  on  AF  115  and  AF  2- IDA  superalloys,  a  method  was 
required  for  producing  high-quality*  high-magni f icat Ion  micrographs  of  the 
special  features  of  superallov  fatigue  and  fracture  surfaces.  SEM  photo¬ 
micrographs  were  taken  on  the  ETEC  of  areas  of  interest  (see  Fig.  7) 
for  reference  purposes.  These  areas  were  then  replicated  using  standard 
replicating  techniques.  A  special  copper  grid  was  then  used  for  the  replica. 
This  grid  (Martiform  grid  made  in  England)  has  the  alphabet  imprinted  on 
it  (see  Fig.  8).  Using  optical  microscopy,  the  replica  was  then  placed 
in  the  grid  and  the  location  of  the  area  of  interest  marked,  according 
to  the  alphabet.  In  this  way,  the  area  of  interest  could  be  located  easily 
in  the  TEM.  Figure  9  is  an  SEM  micrograph  of  a  pore  and  its  cracks, 
and  Fig.  10  is  a  TEM  replica  showing  the  pore  and  its  cracks.  Other 
examples  of  TEM  replication  are  shown  in  Figs.  11-14.  As  illustrated  by 
these  figures,  this  method  produced  good  results  for  AF  2-1DA  and  AF  115 
superal lovs. 

Nonmetallic  Materials.  A  program  involving  blended  polymer  samples  was 
initiated.  Since  this  material  is  very  sensitive  to  the  electron  beam 
(radiation  damage,  heat,  etc.),  extensive  sample-preparation  techniques 
(including  n icrotomy)  were  required.  In  the  first  stage  of  this  program, 
blends  of  PBT  and  AB-PBI  polvmers  were  cast  from  solutions  onto  stainless- 
steel  grids.  Figures  15-17  show  single  crystals  isolated  using  this  method 
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Figure  \  SFM  T,hot(»mi(  r«i/rap'i  Tak»-n  on  t  St  f  !l 


Fi^urt*  rt.  Lettered  f'.rid  Fst*<1  to  locate  Areas  o*  .1  r  imt-n 


Figure  11.  Large  Lari  wit*  Parti.  1» 


a-t'5'n 


U f ooo. 

1  igure  12.  Shear  >  hear  the  Port 


j  i  t  ?  ?  ,1.  iton  i'.it  ti*rns,  Various  other  methods  t*  t  sample  preparation 


4I  i.  .  x :  - 1  * '  i  •  .t  .uni  --.I.  lotome  samples  prepared.  For  example,  a  1  I*  HI 

1  .t  ;.»n  mi  Vx  \  'oil..*  m  Na4«>H  wa.x  prepared ;  tin*  I  Um  waswaslnd,  then 

’  i.  t  .in.:  ;-l.n»d  1 1 «  the  microscope  tor  observation.  100  PHI  cast 

I-  %’v\  '  was  l..  it  treated  at  M)0°(  tor  IS  min.  in  Ni*  l.ow  illumination 

t  .•  !  f  ,f  w.e.  1 1  ^  iijuired.  Fimirt*  1H  shows  the  edges  of  tvpicnl  po.vmer 
.  ■  ,  i  ,  .  i  i  -  r<  out  JO  illustrate  the  t  vpes  of  diffraction  patterns 

.  wtii  't  U  in  *  sit1  these  polvmers. 


i  i  •  ,ni  itv  special  dispersion  techniques  in  order  to  separate 
« : t  i.  1.x  tor  examination.  The  lit  powders  were  u 1 t rason ica 1 1 v 
.,■1  i  ♦  .1  on  i  arbon-coated  grids.  With  this  method  particle 
.  o..  I  ■  examined.  Figure  21a  shows  TIC  No.  12,  and  its 

iff.  i  f :  ;  •>  shown  in  Fig.  21h.  The  purpose  of  this  research 
,n.  .'.lit  le  size  and  shape  and  to  obtain  elec  tron-ii  i  f  f  ract  ion 
,  *  . !  -  illustrates  the  results  of  this  technique  on  a  TiC 


c  :;m»  ion  '...is  conducted  on  various  Ti  powders  produced 
ui  in  i  The  purpose  of  this  effort  was  to  identify 

,  ■  *  ’  ist  r  ,  and  contaminant  level  present  in  the  powders. 

\  u  wi  i*  characterized.  The  procedure  used  was  to 
.  m  .  t  ,  !:  tlie  samples  to  determine  the  microstructure  and 
•  nr  ,  •  .  .  ,  tungsten  contain  inn  t  ion  from  the  electrodes  used 


ft!  1  t  .  l  .  t 


t'*  .  ow.u  t.  PowdiTs  weii*  also  examined  directly  by  SFM. 

••’Will  produced  bv  various  processes  such  as  HlPfing 
;  ’  i ?  :  *!i,  were  evaluated  lor  microstructure. 


•"  .  rimarilv  consisted  of  determinat  ion  of  Iracture- 
i . ! .  i  i  t  it  i  cat  ion  ot  anv  unusual  features  present  at  tlu* 


ii?  :  lex.  foreign  elements,  and  eompoumh 


Mat  i  t  ia  1  s 


•  -  ;  *  *  i  i  "rent -  i  1  .il  Invs  o?  aluminum  <  CTM 1  )  ,  n  i  i  ke 1 -base  a  1  l  ov» 


!  i  ‘’.a i  i  i  •  >  ,  one  u»  unne  t  a  i  1  i »  -  <  po  I  vme  t  :  r.ii  tutvs), 
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Figure  19.  Diffraction  Pattern  from  Polymer  Showing 
Good  Crystallinity. 


Figure  20.  Diffraction  Pattern  from  Polymer  Showing 

Ring  Structure  in  Pattern,  Indicating  Low- 
Order  Crystallinity. 
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Elect ron- Probe  Microanal vs  is 


Significant  progress  was  made  in  efforts  to  provide  quantitative  analyses 
routinely.  Early  in  the  program  the  ZAF  program  from  NRS  was  obtained, 
debugged,  and  made  operational  on  the  CDC  6600  system.  In  1979  a  small 
computer  svstem  (Apple  II)  was  acquired  to  allow  faster  turn-around  in 
completing  computations.  The  ZAF  program  was  translated  from  FORTRAN  to 
BASIC,  debugged,  and  put  into  operation  on  the  Apple  II  system.  The 
use  of  the  Apple  II  is  now  routine  for  analyses  of  from  two  to  nine 
elements.  Modifications  and  Improvements  to  the  BASIC  program  have  been 
made  which  simplify  its  use  and  facilitate  changes  in  output  formats  or 
increases  in  scope. 

As  part  of  the  research  effort,  a  short  course  was  presented  on  quantitative 
analysis  of  EPMA  data.  The  goal  of  t he  course  was  to  provide  sufficient 
background  information  on  FPMA  calculation  methods  to  enable  EPMA  users 
to  assess  their  results  correctly  and  to  familiarize  them  with  the  NBS 
FRAME  IV  program  being  used*  Tin*  lectures  stressed  the  physical  processes 
involved  and  the  equations  used  to  describe  these  processes.  Examples  of 
research  performed  art*  presented  below. 

A l  Allovs.  Samples  of  aluminum  powder-metal  allov  were  examined  in  an 
attempt  to  determine  the  cause  of  low  strength.  Large  particles  were 
observed  in  each  sample,  with  Specimen  #235  having  fewer  and  smaller 
particles  than  #108.  A  sample  ot  good  material  showed  no  such  particles. 

The  larger  and  more  blockv  the  particles,  the  lower  the  magnesium 
root  ent .  In  the  following  tables,  both  weight  percent  and  atomic  percent 
ur.  given. 
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~  a 


Swell  S235 


ItX 

i 

Ttlt 

2 

Tift 

3 

ftvtrift 

fit Mint 

UXl 

fttx 

utz 

4tX 

fttZ 

AtZ 

utz 

4tZ 

ft* 

2.2 

2.S 

2.0 

2.4 

0.8 

1.1 

1.7 

2.1 

41 

73.1 

92.7 

80.4 

87.5 

48.3 

82.3 

74.0 

8  4.2 

Cr 

0.3 

0.2 

0.3 

0.2 

0.1 

0.0 

40.2 

0.1 

Ft 

2.3 

1.3 

1.5 

0.8 

2.7 

1.4 

2.2 

1.2 

Co 

20.9 

10.  • 

13.3 

04.4 

24.0 

13.3 

19.4 

1  0.2 

Cu 

2.4 

1.1 

2.3 

1.1 

1.8 

0.9 

2.2 

1.0 

Zi 

2.4 

*1.1 

3.3 

1.5 

1.4 

0.8 

2.4 

1.1 

Sanplo 

•  108 

Ttit 

» 

Toot 

2 

Ttft 

3 

Avtrtgt 

ft* 

0.1 

0.0 

1.3 

1.8 

0.0 

0.0 

0.5 

0.4 

41 

45.0 

•2.1 

45. 5 

80.0 

45.8 

81.8 

45.4 

8  1.4 

Cr 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Ft 

2.4 

1.4 

3.1 

1.8 

2.4 

1.4 

2.7 

1.7 

Co 

24.1 

15.1 

24.4 

13.8 

24.9 

15.3 

25.8 

1  4.7 

Cu 

1.3 

0.7 

2.0 

1.0 

1.4 

0.7 

1.4 

0.8 

In 

1.0 

4.3 

1.5 

0.8 

1.1 

0.4 

1.2 

0.4 

An  aluminum  powder-metal  alloy  was  examined  to  determine  the  chemistry  of 
rod-shaped  precipitates  in  the  0.07Co  sample.  Also  a  0.4%Co  alloy  was 
examined  to  determine  whether  rod-shaped  precipitates  were  present.  The 
particles  are  too  small  for  quantitative  analysis.  The  relative  X-ray 
counts  obtained  bv  KDS  are  given  on  the  following  page.  Notice  that  tin* 
p;>ts.  an-  high  in  iron  and  copper,  possibly  AlyCu?Fe. 
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0.41  Cota  It  SMpla 


** 

41 

Fa 

Co 

Cu 

Zn 

Round  particle 

2201 

112452 

*04 

4198 

444 

1512 

Rouad  particle 

2543 

110894 

906 

5480 

544 

1401 

1.9  x.5  rod 

192? 

111307 

911 

4800 

592 

1174 

Matrix 

2394 

130023 

• 

0 

498 

2314 

Ni-Base  Alloys.  Extensive*  quantitative  analysis  was  performed  on  two  IN100 
specimens  having  different  grain  sizes  to  determine  whether  a  difference 
exists  in  composition.  The  difference  in  chemistry  between  the  matrix 
and  the  gamma  prime  was  compared.  The  sample  identified  as  IDX  has  finer 
grains  than  the  sample  D  N  Radial.  The  gamma  prime  is  similar  in  both, 
but  the  matrix  difiers.  The  analysis  is  as  follows: 

D  N  Radial  Sptcinan,  Matrix,  Spot  Aaalyiif 


Elf*#«t 

1 

2 

3 

4 

Avg. 

t 

£ 

41 

4.74 

4.49 

4. 65 

4.79 

4.47 

4 

V 

Ti 

4.52 

4.55 

4.51 

4.57 

4.54 

■M 

V 

1.20 

1.20 

1.16 

1.19 

1.19 

* 

Cr 

14.74 

14.80 

14.34 

14.54 

14.41 

7} 

Co 

19.97 

20.28 

19.55 

19.82 

19.91 

i 

4 

\ 

Mi 

51.93 

51.51 

51.80 

52.01 

51.01 

4 

Mo 

3.19 

3.80 

4.04 

4.30 

4.01 

* 

Total 

101.02 

100.43 

100.04 

101.21 

100.  74 

f 
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Steels.  Fracture  surfaces  in  4340  steel  were  examined  for  fatigue  in  air 
and  fatigue  in  an  SO2  environment.  The  air  sample  had  a  very  rough 
surface  with  much  secondary  cracking.  Ductile  tear  was  noted  even  in  the 
fatigue  area  whenever  n  stringer  was  found,  and  there  were  many  in  the 
short -t ransverse  specimen.  Several  fields  of  round  inclusions  were  noted. 
The  SO-)  sample  had  a  rough  surface  also,  hut  fewer  stringers  were  observed 
and  there  was  much  secondary  cracking.  This  was  a  very  confusing  fatigue 
area,  and  no  fatigue  lines  were  observed.  Much  of  the  surface  was  covered 
with  contamination  which  may  have  masked  the  fatigue  striations. 

Nonmetal  lies.  Quantitative  analysis  of  copper-sulfide  films  on  various 
substrates  posed  several  problems  which  made  analysis  impractical.  The 
electron  beam,  even  at  only  5  kV,  caused  some  of  the  samples  to  bubble. 

This  led  to  the  speculation  that  some  of  the  sulfur  was  being  removed  during 
analysis.  By  using  a  fast  scan  at  TV  rates  and  5000*  magnification,  the 
bubbling  was  greatly  reduced  although  the  estimated  energy  being  dissipated 
was  still  about  500,000  W  per  square  meter.  It  was  felt  that  none  of  the 
samples  was  infinitely  thick  to  the  electron  beam,  which  means  that  the 
substrate  is  contributing  to  the  total  yield  of  X-rays. 

Averages  of  three  scans  of  copper  and  sulfur  counts  were  tabulated  for 
all  specimens  and  compared  with  conductivity  data  which  were  supplied 
with  the  specimens.  Three  tests  per  specimen  are  ordinarily  insufficient 
for  determination  of  the  exact  ratio  with  a  high  degree  of  reliability. 
However,  the  other  factors  mentioned  above  make  this  a  reasonable  number. 

SEM  photos  of  the  surface  of  each  specimen  were  also  taken  at  two  different 
magnifications.  Most  of  the  samples  have  particles  which  are  high  in 
copper.  Sulfur  from  the  As2S^  substrates  contributes  to  the  total  count 
and,  therefore,  the  calculated  percentages  for  As  and  S  are  too  high.  In 
general , rat  ios  from  similar  substrates  should  be  compared.  Lower  copper 
content  seems  to  produce  better  conductivity.  If  thicker  layers  can  be 
deposited  (about  2  ) ,  this  analysis  could  he  accomplished  on  the  probe. 
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Ceramics.  Si  .N,  which  had  been  oxidized  tor  W>  hr  at  I  JOit'i  w.is  ,  har.it  t*  r- 
■  -  S  -4 

i/eti  tor  I’onrentration  profiles  ot  (a,  Mg,  and  W  ns  a  tun*  ti«m  ni  d*-pt  L 
I  rom  the  sort  are  to  the  interior  ot  the  specimen.  tungsten  was  *  *  *• ;  n .  f  is 
small  particles  distributed  throughout  the  specimen.  Me  increased  toward 
the  center  but  seemed  to  be  constant  alter  the  t  i rst  100  to  I'd)  .  . 

However,  Me  was  high  in  t  he  outside  laver.  (la  concent  rat  ion  was  verv  low 
in  the  specimen,  but  there  was  a  layer  ot  C.a-rich  material  around  the  out  s  i  d 
ot  the  specimen.  Although  oxygen  could  not  be  detected,  it  might  have  hern 
present  in  modest  concentrations. 

Metallography  and  Photo  l.ahs 


Research  on  preparation  of  specimens  for  examination  of  the  mi crost ructure 
was  accomplished  on  a  wide  variety  of  materials.  These  included  A1  alloys, 
P/M  alloys,  sunerallovs,  steels,  f 'iher-re  in  forced  allovs,  and  graphite 
fibers.  Kach  tvpe  of  material  requires  the  use  of  a  different  technique 
or  extension  of  a  technique  to  reveal  unusual  specimen  features.  Prepa¬ 
ration  consists  of  cutting,  grinding,  polishing,  mounting,  etching,  and 
heat  treating  as  well  as  documenting  the  mac rost ructure  and  microstructure. 

In  several  cases  the  influence  of  etching  and  polishing  techniques  upon 
the  A l  allovs  and  upon  the  superallovs  was  systematically  examined.  Such 
examination  was  required  because  the  standard  techniques  did  not  produce 
a  suitable  finish.  The  microstructure  was  obscured  bv  polishing  or  etching 

Specimen  preparation  of  B— III  Ti,  Ti  powders,  Ni-base  superallovs,  and 
various  other  Ti  alloys  was  accomplished.  Also  a  great  deal  of  time  was 
spent  on  developing  a  color  meta llographi c  technique  for  the  identification 
of  phases  in  hydrogenated  Ti  alloys.  Reports  of  this  work  were  presented 
at  the  1978  IMS  meeting. 

Spec imen-Preparat  ion  Technique.  Metal 1 ograph i c  preparation  of  materials 
often  requires  the  use  of  special  etchants  and/or  techniques  to  reveal 
the  microstructure,  particularly  when  new  alloys  are  involved,  as  in  the 


i .  .  ,iit.  i  i  t  i  "  1 1  i  *  mi  studies  being  conduct  od  on  PM  T  i -5Al -2 .  r>Sn . 

i  t  ■  t  :  i  !  i  ■  ii  r  *  •!  i»  r» » i  ong*  d  tinal  polishing  and  many  pol ish/etrh 
*  i  ;>t  i.  «!*•.*  lopment  and  tor  removal  ot  disturbed 

I  ?r  .  *t  t  .mat  i*  1  v ,  past  etching  techniques  resulted  in  staining  that 
*  r  ■  ,!!.  r «  moved  h\-  '  ina!  polishing.  Monro,  tho  final  product  was 
■. '  ( i  t  mir.i-rtMi>  attempts  to  oorroct  this  condition,  the  following 
•  cur.  w.is  developed  to  minimi/o  staining  in  these  alloys: 

1  i  swab  «  ti  h  using  40  ml  glvrerol,  10  ml  nitric  acid,  2  ml  hvdro- 
i  ''itM’it  acid,  and  1  ml  h ydrol’  1  uor i c  acid. 

2*  Rinse  immediately  in  flowing  hot  water. 

Miicklv  drv  using  air  blast. 

4>  I  rimed  i  ate  1  v  swab  spec  imon  witli  20%  sulfuric  acid  solution. 

i)  Rinse  in  water,  neutral  ize  with  sodium-carbonate  sol  tit  ion, 
rinse  again,  and  tlrv. 

technique  is  applicable  to  other  Ti  I’M  allovs  as  well.  The  potential 
!orming  u  i  t  rog  1  veer  i  n  compounds  was  thoroughly  examined.  Io  lorn 
c<>mpoim<l  anhvd  rous-g  1  veero  1  is  required.  I  he  glv«»-ri»I  used  in  the 
is  O')  pure,  the  rei.i.i  inder  being,  water.  Thus,  then  in  no  ,  .  ,*nil  i- 
ehan.’e  that  air.  explosive  eompound  will  be  termed.  tout  ion  in  use 
hi-,  et  t  h  and  prompt  disposal,  however,  must  he  -xercised.  1  he 
<  t  iveiii-ss  ot  this  technique  is  illustrated  in  ligs.  2  1-24. 

ddit  ion  to  usual  task  assignments  during  the  perioil,  ot  particular 
t«  -.t  was  a  tailut  t  anal.si^  ui  ;orrv.l  on  a  hydraulic  pump  conducted  in 
.notion  with  1 1  i  *  *1  aids,  i  ik  i  hunts,  and  llastonvrs  Branch.  Steel  used 
hi  1  abri«at  ion  or  t*u*  plat,  was  ver.  dirt,.  In  the  weakened  condition, 
as  t i * ' t  abli  to  withstand  t  fie  sti.ss  londitions  ;elative  to  heat  treat- 


and  ,  as  a  r  *■  s; \  \  t 


i  ra,  ked  in  the  thin  sect  ion  ad jacent  to  the  hole 


Figure  23.  Specimen  Etched  Fsing  tin*  beveloped  itching 
Procedure.  The  material  is  Ti-5A1 -2. 5Sn  + 
heated  to  1975°F/15  min  and  water  quenched. 


I 


?i*  .  Same  Specimen  as  Fig.2i  ,  Following  Polishing 
and  Ktching  I’slng  Standard  Kroll's  Reagent. 
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Calculation  of  cooling  rates  from  the  sizes  yielded  acceptable  time*  on 
the  order  of  to  10~l  sec.  Credibility  In  the  measurement ,  however, 

requires  a  standard  to  allow  estimation  of  standard  deviations  expected 
with  this  type  ot  measurement. 

Kin^  Measurement  s .  A  group  ot  li-h-4  x  lugs  was  received  toi  measurement 
r  : i  r  «*a  .  !*•••  . « «  .  ;  i  r  a*  v  w.i  ^  required  f  o  H»*  a  ^  high  As  *  on  Id  be  rta  I  - 

i  **t  i  all-.  i»bt  a  ined ,  i  .  ,  1  .*  ■  of  d iamet  «  t . 

Itc'viouH  measurement  s  us  in^  Mu-  ep  id  i  as<  op**  <m  the  ')M  '<?0  svstetn  had 

.1  id*  d  i  •  I  t  s  w*.  i  •  h  w*  r «  somewhat  msT.it  i»t  dependent  .  An  •-  >.  t  i*ns  i  < 

i  :  *  ■  >  ’  f  *  -s  t  ^  *  i  >  on.1)  »*  t  *  d  t  •  •  ■  r  •  *ti »  *•  .liras  in  o  r  <1*  t  to  1e  f  .  r  m  i  n* 

*  i  n  <  \;*e.  r.  d  m  fhe-*»  I  v|»rs  o*  measurement  on  f  be  ,M 

!  '«■>!'  »i.i’Wr  1  I  r».it  ill  .  1 1  .  i  j  l  .1 1  i  • 1  \  «  Oil )  d  he  e.is  i  1  v  oh  I  i  n«d  on 

111  •  .  'i(  .  in  on?  t .  o*  t  »  i  ii  m* > r  •  a*  •  ■  1 1  a  t  >  read  i  nr  ,  •  m  n-ct  inns  t  •  *  the 
."■»,•*  \  1  »  i  Mjii  irnl.  l*i*  I  urge  n  ,  out  i  i  hut  or  t  o  r  i  m  was  ha  i  r»  I 

h'-fwf  '  i.rfi  ;  f  /,«  Nris<  ^  o»  t  h*-  iroug*  <>rthi*i>n.  The  larger  t  he  area  ot 
l  Ii  *  'ram*  •  »i«upifd,  t  tie  large?  Hi*'  false  enlargement  ot  tin  area  being 

■ni'.is'iii  ».  i*taileii  determination  oi  this  distortion  was  not  attempted 

’  «  a:-*  o*  t  i  mi*  1  i  n.  1 1  a  t  i  oib  .  Instead,  a  different  proce*  ure  was  adopted. 

A  standard  area  of  1.000  -  1.000  in.  was  machined.  I’sing  this,  together 
with  tiie  ring,  a  photograph  was  taken  of  each  r ing/st andard  area  combination 
Measurement  ot  the  ring  area  and  the  standard  area  was  t hen  made  using  the 
digitizer  in  the  area-measurement  mode.  Accuracies  attained  in  this  wav 
wer*  *  0.7V  diameter  (1.4"  area).  While  this  method  required  that  someone 
physical  !v  measure-  each  area  as  well  as  photograph  the  rings,  the  high 
.ii  i  'ir.h  ■.  ot  results  justified  tile  us*'  of  this  approach. 
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I  hr  nprr.it  ing  manual  tor  t  hr  rnt  ire  system  w.is  vague  ami  poorly 


writtrn.  Or  ve  1  optnrn  t  ot  procedures  direct  Iv  applicable  In  m*  t  a  I  s 
was  required. 

Room  atmosphere  was  dirtv;  t  rmpr  rat  urr  was  poor  I  v  <  ont  ro  I  1  »*d ;  the 
air  conditioning  was  not  usable. 

I’ hr  Reichert  mirrosropr  frtiuin  -!  a  1  i  gninent  on  on.-  >*f  the  opt  i>  a  I 
<i  xr  s .  Ibis  r  r  cpi  i  r  r<l  a  serviceman  or  at  i  rss  to  sprrial  tools  ami 
i  i  v!s  Tor  a  1  i  gntm-nt  . 

H.  Barrel  distortion  in  t  hr  epidiascope  lrnsrs  was  s  i  gn  i  t  i<ant  Tor 
ar curat  its  bettor  than  •  2 '  . 

Stage  drive  in  the  *  direction  required  repair.  Thr  st  age 
tendril  to  st  irk  during  mot  or-ront  ro  l  1  rd  movement. 

1  >.  st  age  alignment  with  the  optical  axis  ot  thr  mit  roscop*  was  poor  . 


Most  ot  l  h*  sr  problems  ronld  be  dealt  with  during  service  rails.  1  lit*  a  i  r  - 
rood  it  ioninr  problems  would  he  proivssnl  through  t  tie  building  monitor  and 
Has .  personnel. 


>int.  t  hese  svsteiii  d  i  t  t  ic  ill  t  i  es  could  not  hr  rlrarrd  up,  thr  potential  ot 
the  ' >M  in  relation  to  research  required  was  determined  to  he  minimal, 
and  tire  unit  was  turned  in. 

Digitizer.  Ihe  HP  digitizer  available  in  MT.l.N  was  used  for  some  problems  not 
t  r.i<  table  on  t  he  <^M.  In  particular,  if  a  photograph  of  the  surface  of 
interest  rould  hi*  made  and  an  area  or  distance  measurement  was  desired,  then 
the  digitizer  was  the  simplest  route  to  accomplishing  this  work.  Intrinsic 
accuracy  of  measurement  on  the  digitizer  is  4  0.01  in.  Closed  areas, 
individual  lengths,  curve  length,  and  several  other  geometrical  measurements 
ran  he  made  using  this  device.  Since  a  HP  9820  calculator  is  part  of  this 
svstrm,  as  will  as  a  plotter,  further  refinement  of  the  data  can  be  done 
immediately  or  as  part  of  the  measurement  itself. 
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I 

*■  ,  .  f  ,  t  .  r  .  Ar  .  "*t  i .  ;i  I  ”  i  e  r*  •  * « 1  *  ns  i  t  oim  t  er  nv.i  i  1  a  hi e  in  t  he  I  ah  was 

,  .  i  *  .  itt.  . ;  •  t  vi*.  liiK  t<>  1 1  ‘-t*  this  i  nst  i  uim-nt  lot  rm-nsti  r  i  rn1. 

.1.  r.t.  i!  -..-.I.  :  •'  •'!»  sj  *■»  "  i  *  i  ( >  /  i  ,  l  ;  »h  .  I  hi-  *  Mell  w.is  I’lilv  paitiallv 

n.  .  ,  i  v  .  *nt  !  i'.  t  between  the  ili*n  (it  it«*  arm  and  its 

!  ,  .  ,i  ,  .  i  .  ,  •  . :  t  f  h.  .mu  nint  ot  eMort  ri«f|ii  i  rt*il  ns  .ompnred  » 

•  .  •  i  ‘  ini.  fiti-t  "u  .i  n  i  -men  t  bv  hand  was  so  cxtvss  i  vt*  in 

•  •  ,  ;  Mf  no  •  . :  t  t  •  »•  i  i  *  if!  i  s  urn  made  to  i  iso  t  he  m  i  rrodm  s  i  t  onu*  1 1*  r . 

.  . :  :  .  :  f  .  i  • '  !  ran  *>  *  •  r  i  i  ■!  to  a  .i  i  f  t «  i  »nt  branch . 

■  ,  j  ■  j ,  r  .  : !  i  o  i  , : ,  i  to  ai.omplish  rpiant  i  t  a  t  i  ve-met  a  1 1  o^raphv  tasks-- 

I :  r  :  \  •  !  ^  o  •  i .  1 .  •!  i  a  t  i  i  <i  t  i  on  ana  1  v  s  i  s--a  p,r  aph  i  <*s- 1  ahl  *t  accessory 

■  r  ...  .it5  t  hi  Am  r  II  svsh'Ri.  This  tablet  has  the  ] 

,.).!•  •  !i.  ;!  lan:  data  i-nt*»oil  hv  use  ot  an  electronic  pen  and  a  | 

!  ;  •  .  a:.  so*  t  wan-  *  ot  General  use  o!  tho  tab  lot  was  | 

r  .  »•  •  i  -.^or-  ;  '*1,1  *,:•»-*  i  tii-  programs  tor  calculating  arras, 

i 

.  -  a*  ar  t  h  1.  oo mt  mist  b*-  wi  it  ton.  An  aroa -measurement 

-l  w*  ^  w  litt*  i  i  wi.uh  prints  oaoli  aroa  ha  soil  on  an  approximation  j 

t  .  at»  a  a  a  i -m  .  .\  m  i miti  p ni^r.im  which  print*  coordinates  ot  a  j 

•  : :  1 1  was  also  writ  toil.  Moro  oomplos  versions  which  will  storo  tho  | 

:it  i,  on. i  it  to  absolute  aroa*  and  calculate  volunio  tractions  aro 
;o,o;  I.  t  m  oiici  mod  i  :  i *  at  ions  to  exist  iny;  programs. 

i 

,  out  inuous-  curve-  slope  program  allows  one  to  outer  rotoronoo  lengths  > 

ami  si  a]  :  actors  tor  tho  oxpor  intent  a  I  vraph  ( soo  F  i  -  2>a).  Tho  basis 

ot  the  1 .  '{><  ca  I  (  u  1  a  t  ion  is  to  t  irst  generate  an  nrr.iv  ot  (  x ,  v  )  points 

i 

.■out  innous  I  v  hv  running,  tlu-  pon  smootl»Iv  ovor  tho  curve  (Fin#  -Fib).  I 

Ihis  ar  rav  is  thon  dividod  into  ocpia  1  increments  in  tho  x  direction, 
i  ho  v  value*  in  each  incromont  aro  added  to  find  an  average  value  ol  v, 

i 

Ihis  value  and  tin-  value  ot  x  associated  with  tlu*  interval  thon  become 
the  coordinates  ot  a  comput  o  r  -general  od  curve  (Ki^.  2  >c  )  .  The  larger  t  hi- 
niinbor  "I  increments,  the  »  loser  the  venerated  curve  approximates  the  experi¬ 
mental  i  urvc.  However*  because  of  limitations  in  tlu*  plot  on  the  printer,  I 

t  hi*  prntii.il  values  l<»r  the  number  ot  increments  should  he  in  the  ranve 
Ao-Mi.  |  he  maximum  number  o|  intiTvals  usahle  is  set  at 
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EXPERIMENTAL  GRAPH 


X 


y 


MI  POINTS 

ARRAY  OF  POINTS  COLLECTED  FROM  TABLET 


T  '(Xo.yo) 

-| — I—  REFERENCE  LENGTHS 


(b) 


SLOPE  IS  CALCULATED  FROM  y'  y|~* 

*r*i-i 


Graphs  Illustrating  the  Basis  for  Calculating 
S  1  opt*  I  mm  an  experimental  Curve, 


k;  1 1  r » 


The  procedure  is  as  follows: 


Use  graphics  table  disk  (has  slope  written  on  it).  Turn  on  printer. 
Tut  disk  in  dr i ve 
Tress  reset 

Tvpe  *'»,  then  hold  down  CTRL  kev  and  press  T 
Tress  return  kev 

Wait  lor  ATT  EE  logo  to  come  on  screen 
Tress  KSC  kev 
Tress  (> 

Tress  return 

Tvpe  RTN  CONT  INt-OTS .  CURVE.  SLOPE 

Enter  x  factor 
Enter  v  factor 

Take  pen  and  locate  reference  square 

Tress  pen  down  at  lower  lef t  corner  of  square 
Wait  for  beep 

Tress  pen  down  on  upper  right  corner  of  square 
Scale  factors  will  he  printed  out 
lake  pen  and  locate  starting  point  on  curve 
Hold  it  down  and  move  pen  until  at  end  of  curve 
Lilt  pen  up 

Tlacc  pen  at  top  of  tablet,  press  down  once 

The  rest  of  program  runs,  finishing  with  plot  of  slope  curve. 
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An  fxplanai  Inn  of  tin*  program,  lint  hv  ]  in**  m  s»*ct  ion  !>v  sort  ion,  is  is 
toll ows : 


in-U 

2n 

H) 

JOO-JHO 

inn 

iln-  ijn 
i  in 
140 
550 
IbO 
i70 
180 
390 
400 
410 


Dimension  statfitii'iits  setting  upper  limits  on  subsr  r  i  pt  rd  variables 

Control  statement  | 

Command  to  hvpass  subrout ines 

i 

Subroutine  to  obtain  a  set  of  x,v  values  from  the  tablet 
Clears  the  tablet 

Inputs  of  unit  factor  (x,v)  on  graph  (number  of  tinits/rm)  j 

i 

1 

Command  to  generate  (x, v)  points 

First  set  of  values  lor  (x0lv0)  for  reference  scale* 

Time  delav  to  allow  operator  time  to  use  the  pen 

Command  to  generate  (xj,v^)  values 

Second  set  of  values  for  (x,v)  for  reference  scale* 

Calculate  difference  (x.  -  x  ,  y.  -  v  ) 

1  o  1  ‘  o 

Calculate  scale  factors: 

graph  reference  scale  _  scale  unit  distance 

ern  factor  on  the  tablet 


415 

420 

430 

440-500 

510 

515 

520 


therefore  xs  =  —  ys  =  —  XS ,  YS  r  scale  factor 

XR,  YR  i  unit  distance  on 
the  tablet 

XD,  YD  r  graph  reference  scale 

Turn  on  the  printer 


Turn  off  the  printer 

Routine  to  generate  (x,y)  points  continuously 
470  check  to  stop  collecting  data. 

Increment  MI  since  it  is  too  large  by  1  because  of  490 
Turn  printer  on 

Enter  the  number  of  increments  into  which  the  curve  is  to  be 
divided  for  generating  points  on  the  curve.  The  purpose  is  to 
create  a  curve  that  has  NX  points  generated  from  the  MI  set  of 
points  obtained  in  section  440-500. 
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this  sect  ion,  through  tin*  sort  subroutine  at  800-1100,  finds 
t  v i *  n  r-  i ’■  ut”  and  minimum  value  ol  the  MI  points  in  the  x  array. 


.  »  X I  ■-  interval 


( ma  >:  -  m  i  n  ) 

number  ot  increments 


u  .  a  In.  ot 


XN  V  i  n 

value 

O  t  v 

NX  -  Nu!”1 

n  •  r  o : 

i  nt  e 

)  -4  1  '  »e  !  i  II  i  t  i  * 

Ml  oi  v 

a  1  tie 

’  *  i  ^  *  *  t  i  •  •  r  i 

'  inds 

f  fo¬ 

t 

r 

!  in  a  r  r  a  , 

'4-  vv  -  Max 

’.a  1  I|C 

ot  V 

i  \  -  Vi n 

v  a  1  ui 

o  1  V 

i  iii-'i 

I  u  i  t  ;  a  I  i  /  i  ih 

•t  at  t-t: 

*  ait  S 

t 

v<  <  1  in*  ; 

•  -  *  ’It  e 

d  a 

i 

1«- 

i  a  !.  •.  1  it  •  t  •  * 

a  *  r  i 

/e  - 

i 

.si  •  .  \  (  ,  ,  * 

i  *  f  *  n  f 

■aim 

i 

>  1  **  !  t  r  i 

a-  to 

ilue  ot  X  for  t he  NX  increments 

1  no  of  v  in  t he  x  increment  LK-1  to  LK 

oi  v  in  the  Ml  points  which  are 

.  Start  at  I.b  =  1,  compare  values  in 
re  that  the  value  is  less  than  the  current 
1 1  ;♦  ’  Vi  i!K>.  Il  it  is,  then  take  the  value  of  v 

»  :  :  to  til  ot her  values  of  v  found  so  far. 

.  I  .* t  •  r  : i •  r.vr,i/.i  value  of  v  in  the  interval  increment 


Ya  llleS 
1 s  summed 


zero  value  of  v 


••  1 . 
e] 


*»  V  I 
f»  il  i-  h  - 
1" 


1  ]  ».  .  •  *. !  .  'Sis  outs  the  loop  for  values  ■  NX 

I  n-  f  •  *■  <  r !  t  \  1  .  1 

in.  :  I  :  >  m  itt  il  last  point  oi  previous  interval 
/«  r  -  >  Y 

Is*:  t  ■  -  *  *  a  1 1  *  •  t  uli*  ol  hK  lx  increment) 

a.  ‘  m« 

t  a  1  ■  u  1  at  *  1  *  net  \  *>’  *  tx  i 

i  *  c  :  f  *  •  1  •  .  a  •  •  •  i .  *  ■  t  e  u  1  *  li  e 


SI  II  i  -  1  1 1 


:!  i .  >  i  r  i  ui 


Slope  calnilat  ion  subroutine 

Since  differences  in  points  ir<*  to  h«  found,  t  le  number  ot 
points  to  h»*  cal  ciliated  will  he  one  loss  than  entered  at 
lino  520,  A  second  point  is  lost  at  tlu*  end  also  hftause 
of  taking  differences.  Hence,  the  total  number  of  (mints 
is  NK-2. 

Calculate  slop** 

S(dS)  =  v  dlfference/x  difference 
Plot  routine 
2002  ('a  leu  late  slope 

20 1 r>  Print  values  of  interval  number  NX 
(on  printer)  x  value 
v  value 

2130  Print  number  of  points  to  be  plotted  N 
2200  Print  coordinates  of  points 
22  35  Print  array  of  values 

2300  Print  values  of  (x,y)  where  axes  intersect 

Data  Analysis.  To  assist  in  satisfying  the  data-analysis  objective  of  the 
scope  ot  the  work,  a  number  of  computer  programs  have  been  prepared  for 
use  with  the  da t a-acqu i s i t i on  system.  These  programs  are  written  in  BASIC 
and  are  readily  transferable  to  FORTRAN  for  use  on  the  CD C  6600  terminals, 
if  required. 

Currently  the  following  are  available: 

GAUSS  -  calculates  and  plots  on  CRT  various  Gaussian  distributions. 

FRANK  EDS  -  ZAP  correction  program  using  EDS  data. 

FRAME  WDS  MOD  -  ZAF  correct  ion  program  using  WDS  data. 

FRAME  ANCLE  -  ZAE  correction  program  using  WDS  or  EDS  data  as 
function  of  angle. 

LEAST  SQUARE'S  -  calculates  least-squares  fit  to  set  of  data. 


1200-1  350 

1250 

2000-3080 
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SFiT'M)  OKDKK  KIT 


-  i',i  1  till  ates  a  fit  to  a  specific  second -order  equation. 

INI  VS  (F-FK)  N  -  ca  leu  Kites  1  east -squares  fit  to  equation 

In  =  nln  (K-Fv) 

INI  VS  I.NK  -  calculates  I  east -squares  fit  to  Ini  vs  InK 

KA 1  I  i»S  -  i  a  leu  Kites  ratios  ol  peak  data  for  given  elements.  All  combinations 
a  re  i no  I  uded . 

IHii'K  HUNT  -  calculates  ecpi  i  valent  K-line  counts  using  curve-fit  parameters. 
KAI  in  I. FAST  SnpAKFS  -  same  as  above  but  fits  calculated  data  to  a  curve  bv 

! east -squares  met  hod . 

MOP  KA1I0  I. S'*  -  mod  i  t  ieation  to  above. 

NIH  ORPFK  KF.<  'KFSSION  -  calculates  1  east -squares  curve  for  nth  order  equation. 
MIT  I.  I  IN.  RITKI.SSIoN  -  calculates  linear  fit  for  multiple  variable  set 

of  data. 

n  A  -  calculates  hackscatter  coe  f  f  i  c  i  ent  s  for  use  with  alloy  data. 

IRI’NO  -  :  it,'  ii.  output  ol  calculated  quantity  to  desired  length. 

In  add  it  ion  to  these  nat heron t  ieal  routines,  the  system  will  process 
•  :iai  .in  i'i  air.ivs.  Several  programs  have  been  written  for  tracking  hours 
cl. arced.,  t  i  t  Ks  ol  papers  on  tile,  sorting  of  data,  or  lists  bv  size  or 
a  1 p ha  bet  ica 1  orde  r . 

Spe.-ial  Fro  j  n  t  s 


Re  ■;ir  i  ■ : :  on  !i  Powders  and  I’M  Products.  Detailed  clia  ract  er  i /at  i  on  was 
;'*r*en:,ed  on  ,i  number  ol  Ii  alloy  powders.  The  thrust  of  the  effort  was 
to  e  i  i  a  r  a  c  t e  r  i  / •  the  powders  in  terns  ol  morphology,  phase,  impurity 
tv;**-,  (he!"istrv,  dislocation  structure,  anti  thermal  stability.  Because 
>>!  the  :a/nitude  oi  the  etiort,  it  was  divided  into  two  parts.  The 
lirst  d  e  a  1  t  with  ■  "tr  viit  iona  1  allov  powders  and  the  second  specifically 
wi,;  :  i-  »A1-.'.  >Sn  wits:  add  i  t  ions  of  Si  and  (N*.  The  first  part  is 
di  '.russet!  in  tin-  TKM  and  the  SKM  subsect  ions,  and  the  second  part  is 


Ah 


/.plained  in  this  subsection. 


It  is  lU'oessarv  to  characterize*  Ti  P/M  alloys  with  dispersions  and  second 
phases  present  because  ol'  the  changes  induced  in  the  mechanical  properties 
bv  such  inclusions.  Since  this  is  a  complex  problem,  a  simple  i-allov  was 
chosen  t or  detailed  character izat  ion  in  order  to  obtain  a  better  under¬ 
standing  ot  the  role  of  dispersions  such  as  Si  and  r.e.  Si  is  a  potent 
st rengt hern* r  in  Ti  allows  when  used  in  very  small  amounts,  while  verv 
little  is  known  about  (le  in  Ti  allovs.  Also  C.e  has  a  higher  soluhilitv 
than  Si  and  is  expected  to  be  less  mobile  which  would  lead  to  more  desirable 
properties  than  those  vielded  hv  Si  in  Ti  alloys. 

The  initial  focus  of  this  effort  was  to  characterize  a  specific  Ti  alloy 
as  an  example  of  the  influence  of  partiallv  soluble  disporsoids  upon  Ti 
P/M  allovs. 

I.  i  terature-based  data  on  'Pi -Si  allovs  wen  gathered;  and  button  melts  of  Ti 
Ti-Si,  and  fi-tie  allovs  were  prepared* 

Six  tvpes  of  special  ns  produced  hv  the  f’.ould  e  lenient  a  1  -b  1  end  method  were 
received.  These  were  cold  compacted  at  15  tons  and  sintered  at  2  300r>E 
for  4  hr.  Sections  from  each  were  made.  Specimens  of  each  tvpe  were 
sent  to  Kelsey-Haves  for  HIP'ing  at  15  KST  and  1700°F  for  2  hr.  Extrusions 
of  conventional  allovs  were  made  and  sections  were  cut  t rom  one  extrusion. 

The  P/M  allovs  prepared  were  as  lollnws: 

1.  Base  (Ti-5  Al-2.5  Sn) 

2.  Base  +0.1  Si 

3.  Base  +  0.5  Si 

4.  Base  +  0. 1  He 

5.  Base  +  0.5  Oe 

b.  Base  +  1.0  (ie 
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'■u  I  v  i  i  sul  t  s  wire  part  iallv  report  **cf  in  two  papers  prepared  for  present a- 
t  ii'n  <  ^ ,  list  o»  public  at  ions).  Details  of  these  papers  not  included 
;s  i -.nisi  ot  ^p.i,  I  limitations  are  presented  below.  Kflorts  included 
an  i  l  -  -is  of  Morosit*.  ,  th**rnal  itching,  aging  t  xp**r  i  im-n  t  s ,  ami  analysis 
i • !  * »n*  *  \t  i  ud«*d  allov. 

I’orositv  in  each  ot  the  allovs  was  measured  using  optical  micrographs. 

Sim*  tin-  'burnt  imet  720  svstem  was  not  functioning,  the  Zeiss  particle 
ci  tl  /.  r  was  iim  iI  with  8  *  10  enlargements  ot  tin*  original  micrographs. 

!:  if*  si  ■  t  s  ef  photos  were  used.  The  first  set  (original:  a0*  )  proved  to 

■u  .mi  fill  for  t  *  ■  s  t  ing  the  technique,  hut  did  not  provide  suft  Icient  resolu- 
fioti  of  tlu-  pores  t  o  hi  ot  value.  The  next  two  sets  of  micrographs  were 
taken  at  .hid’  which,  when  enlarged  to  8  •  10  prints,  allowed  reliable 

analysis  of  much  more  detail. 

*  o t  r,  (  t  ions  ’or  magnif  icat  ion  were  made  which  translate  th*‘  measured 
:i  a’*:*  term  to  actual  diameters  in  the  specimen.  The  lower  limit  ot  mea- 
c:re--ent  was  about  \  f  which  was  determined  bv  the  resolution  ot  the  Zeiss 
ana  1 v/*r . 


Ilased  upon  these  counts,  plots  of  count  vs.  diameter  were  made  to  determine 
tin-  tvpe  ot  distribution  for  the  pores.  Tire  curves  suggest  that  t  lie 
>i  i  s t r  i  but  i  ons  are  exponential.  To  evaluate  this  observation,  techniques 
described  hv  I’nderwood^  were  used  in  which  tlu*  experimental  distribution 
is  set  equal  to  a  product  ot  two  functions.  The  first  is  a  probability 
t unction  which  takes  into  account  the  randomness  of  the  slice  through 
tie  specimen.  The  second  is  the  theoretical  distribution  function  for 
the  pores.  The  data  were  analyzed  using  r.aussian,  constant,  and  exponential 
ior  log-normal)  tvpe  distributions.  The  best  tit  ia  terms  ot  general 
shape  was  produced  using  the  exponent ia 1-tvpe  distribution  function. 

(sing  the  frequency  data,  area  tractions  for  the  pores  were  calculated 
and  plotted.  Comparison  of  as- received  to  HII’M  specimens  cl  earl  v  shows 
the  reduction  in  area  fraction  and  mean  pore  diameter  achieved  with  the 
Hll* f  ing  conditions  used . 
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M  i  c  rost  rtu*  t  uiv  s  o!  the  as-  re<*e  i  ved  and  HIP*  d  material  wrrc  del  erni  i  m*d  . 
Comp.if  i  son  ot  as-rivi*  ivi'd  alloys  (ITS)  with  II 1 1*  *  cl  materials  ((fSH)  is 
shown  in  Figs.  Tb-  11 .  The  as-  rece  i  ved  material  generally  exhibited 
i-laths  with  some  indication  of  a  second  phase  at  the  lath  boundaries. 

The  HM’Vi  material  shows  a  grain  structure  together  with  the  original 
i- laths.  This  grain  structure  has  sharp  boundaries,  and  the  grains 
tend  to  surround  several  i-laths.  Definition  of  the  laths  is  reduced 
with  a  broadening  ot  boundaries.  The  large  pores  tend  to  situate  them- 
se 1 vt  s  at  lath  boundaries.  Small  pores  exhibit  no  preference  for  location 
in  the  1  at  Its  or  the  large  grains.  Boundaries  pass  through  pores  for  both 
tvp*s  ot  pores.  Thermal-etch  experiments  (T  =  f>4()°C  for  4  hr  in  vacuum) 
did  not  cluarlv  reveal  the  microstructure,  although  some  changes  were 
evidently  related  to  less  of  definition  of  lath  boundaries. 

!  f.M  N-ils  t«t  several  samples  were  made  by  mechanically  thinning  a  slice  to 
dent  o.o  1,,  jIK  and  then  jet  thinning  to  perforation.  Results  were 
maicinal.  I’orositv  of  t  lie  material  caused  thinning  to  occur  unevenly, 

„ir  :;i/  I!M  nhsrrv;it  (on  oi  the  structures  difficult.  The  tendency  was  to 
>  t  >.  * '  iv.a  ’  the  material  in  the  pore  area,  leaving  very  small  thin  edges 
,i!  es:id  t  *m*  |iimvs,  Ihese  could  be  penetrated  by  the  TEM  electron  beam, 
how*  *  r.  the  area  between  the  pores  which  was  the  bulk  of  the  foil  was 
too  .  It  v  t  ton  dense  to  permit  observation  of  the  details  of  the  material. 

In  t  nr m  ai  t  a-  which  could  be  observed,  pores  which  had  not  been  etched, 
whiih  waie  in  t  lie  interior,  were  observed  to  contain  material 
fir  r  .  t  *  n  t  :  ron  the  hulk.  STEM  analysis  of  these  pores,  carried  out  at 
Mitaebi  and  U.<‘l  Instrument  Taborator ies ,  showed  the  presence  of  Fe  and 
<  l,  li  t  l.  wa-i  detected  on  the  edge  of  opened  pores  as  well  as  in  the 
•or  "  *  ’  * .  !  part  i  •  1  es  . 


.-malvsi  ■*  ni  the  specimens  established  the  values  of  the  concentrations 
ot  «  I  *  men  t  present.  Result  -  •  :u  eg  »*s  t  ed  that  tin*  specimens  are  homogeneous 
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Problems  to  porositv  of  the  specimens  mav  arise  since  the  possibility 

exists  ol  analyzing  on  a  spot  where  a  large*  pore  is  just  beneath  the 
surface.  ('are  was  taken  to  avoid  this  situation  by  examining  regions  where 
no  larger  pores  were  evident  and  bv  examining  several  spots.  All  data  were 
taken  using  a  reduced  scanning  mode  at  a  magnification  of  2000.  This 
approach  reduced  contamination  in  the  area  scanned. 

SeLsiuvi  phases  present  in  several  specimens  were  examined  to  determine 
fpia 1  i t at  i w 1 v  anv  d i ! t e rences  in  composition  as  compared  to  the  interior 
ot  tin*  <- laths.  Differences  in  counts  were  found  for  A1  and  Sn.  Tif  fie, 
or  Si  counts  were  essentially  unchanged.  The  table  below  shows  raw  WDS 
count  data  obtained  from  the  base  plus  1.0  Ge  alloy.  The  differences 
between  the  interior  and  the  lath  boundary  are  small  but  definitely  real 
for  the  as- rect  i ved  specimen.  For  the  HIP ’d  material,  the  difference  in 
A1  is  suspect,  hut  t  lu*  difference  in  the  Sn  count  is  significant. 

BASE  PLUS  1.0  w/o  Ge,  AS  RECEIVED 


Interior 

Lath  Boundary 

A  1 

3700 

3100 

Sn 

1325 

1698 

Ti 

298704 

297455 

Ge 

815 

849 

(Counts  Time  =  50  sec) 


BASE  PLUS  1.0  w/o  Ge,  HIP'd 


A 1 

770 

780 

Sn 

3510 

3820 

Ge 

2100 

2100 

Ti 

298704 

297455 
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Homogeno  i t v  studios  wort*  performed  using  the  mieroprobe  on  throe*  of  the 
as-roooivod  Allovs.  As  a  result  of  work  reported  by  Hover,  ej^  aj_.  ,  ^  at 
the  1980  I. as  Vegas  A1MK  Meeting,  a  detailed  probe  examination  of  three  of 
the  as-received  allovs  was  made.  The  problem  in  conducting  such  analyses 
is  tin*  possibility  of  instrumental  errors  which  could  be  interpreted  as 
real  variations  in  eoncentrat  ion.  Consequently,  most  of  the  effort  in 
collecting  data  was  expended  in  identifying  possible  instrumental  errors 
which  could  significantly  contribute  to  spread  in  the  measured  concent  rat  ion 
of  an  element. 

The  approach  taken  was  to  scan  the  beam  in  a  reduced  mode  at  high  magnifi¬ 
cation  (5000*),  taking  data  at  fixed  spots  along  the  y  direction.  The 
counts  were  converted  to  concent ra t ions,  and  plots  for  each  element  were 
made- 

Variations  in  concentration  for  the  base  +  0 .  3  Si  allov  are  shown  in  the 
plots  in  Figs.  12-11.  One  expects  some  variation  in  the  concentrations 
because  of  the  statistical  nature  of  the  counting  process  and  the  approxi¬ 
mations  used  in  calculating  the  concent  rat  ions .  Ordinarily  these  are  on 
the  order  of  3  to  10%  relative  error.  Thus,  it  is  not  surprising  to 
observe  that  the  concent  rat  ions  varv  across  the  specimen.  The  question  to 
be  answered  is  whether  there  is  a  pattern  to  the  variation  or  whether  the 
range  of  variation  is  unusual. 

The  A1  concentration  appears  to  be  relatively  flat  across  the  specimen. 

There  is  no  obvious  trend.  Si  exhibits  a  possible  trend  to  lower  values 
across  the  specimen,  but  the  results  are  not  clear  cut  in  this  case. 

Sn,  on  the  other  hand,  shows  a  distinctive  oscillation  in  concentration 
and  a  trend  to  higher  values  at  one  end  of  the  specimen.  There  appears 
to  he  a  cyclic  variation.  The  Ti  plot,  while  showing  what  appears  to  be 
large  fluctuations,  is  generally  flat.  The  spread  in  values  is  within 
the  3  to  10%  range,  as  expected. 
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!' idlin'  14  is  .1  plot  of  the  total  concent  rat  ions  for  Specimen  Nos.  3  and  6 
iSi  ami  <h*  allovs).  The  data  indicate  that  overall,  the  sum  of  all  the 
concentrations  is  relatively  constant  to  a  few  weight  percent,  as  expected. 

i  In  ■  results  lor  the  base  +  1.0  Oe  are  illustrated  in  Figs.  34-36 .  Variation 
in  Al  across  the  spee imen  is  within  expected  values,  and  the  general  curve 
is  Mat.  Similar  conclusions  apply  to  the  C»e  and  the  Ti  concentrations. 

A*  with  Spec imen  No.  1,  the  Sn  values  exhibit  a  trend  to  higher  values  at 
one  i  mi  o  t  the  spec  i men . 

Sir  data  wet**1  normalized  t  o  tile  calculated  total  in  each  case  and  for 
t-uih  spot  on  the  spee  imen  in  an  effort  to  reduce  the  effects  of  fluctuations 
■  lit  to  (  a  1 1  u  l  a  t  i  ona  1  approximations,  which  result  in  the  total  concentrations 
'iiiiTin.-:  to  /alms  other  than  100/'.  For  the  data  this  is  an  acceptable 
rrocehutv  since  it  is  err  tain  that  contributions  from  other  elements  are 
vi -tv  w.a  1  1  .  Pie  results  oi  tlie  normalization  are  shown  in  Figs.  37-38. 
i  one  It. Mon*  1  ro;:i  t  lie  unm  >rm.  1 1  i  zed  data  still  hold.  i  he  only  element  to 
.  xhihit  it  ron/  variations  is  Sn.  The  plot  accentmates  the  cyclic  nature 
.  *  rht  ’ariat ion.  i he  rather  smooth  sinusoidal  variation  may  indicate 
taat  t:ie  instrument  is  varving--not  the  concen  t  ra  t  ion . 

These  results  have  helped  to  define*  the  variations  in  concentration 
which  art-  present,  hut  tlu*  results  are  still  open  to  question.  It  seems 
clear  that  Al  is  relatively  uniform  across  the  specimen  and  that  He  and 
!i  are  also  within  expert  at  ions.  Si  may  hi*  inhomogeneous  1  v  in  solution 
since  theta  is  a  possible  trend  to  linear  variation  across  the  specimen. 

Pit  case  oi  Sn  is  unusual  in  that  the  variations  appear  to  be  sinusoidal 
or  <  vt  lie  in  nature.  It  is  possible  that  tlu*  probe  beam  was  placed  on 
Sn-rieh  phases  when  the  data  were  taken  at  one  point  and  not  on  Sn-rich 
^nases  at  other  points.  This  could  explain  the  scatter  in  the  data  from 
tv*  oiht  r  •  dements  am!  Sn.  The  diuicultv  with  this  interpretation  is 
that  liie  s::hm»i  h  cvcjic  variation  as  one  moves  across  tlu*  specimen  surface 
i  ,  m*t  what  is  «-xpi*cted  if  the  beam  is  randomly  placed  on  Sn-rich  and  then 
‘  m  —  . !  *  !  i  *  ■  i .  nt  phase*..  One  would  expect  a  wide  range  ot  values  randomly 
.  !  i  ■  :  -mi  tin  ;  M  t  >  t  i»t  loucent  rat  ion  versus  distance. 
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X  ( IN.) 

Figure  34.  Profile  of  Sum  of  Concentrations  of  Constituents  in  the  Alloys.  Note  the  500-  ourv 
for  No.  3;  the  flatness  suggests  that  s  low-magni  f  icat  inn  scans  produce  more  uniform 


5000X  SCAN 


0/M 
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Figure  35.  Profile  for  1.0  Ge  Alloy  Showing  Variations  in  A1  and  Sn.  Cv  exhibits 


♦  3.  NORMALIZED  DATA 


ir.  i)  is  I  i  1  f  •  <1  snrn  wli.it  with  r  j  « - »  t  t 


it  M!  Mils  in  hi  .1:::  a nr 


III*  I  •  t «  Ili'<  ■  *  i  Hi  1  .1  !  >  I*n,  J I  ir  ,  • 


t  r  •  >!’!»  iii  ,ii  i  i  :  .it  t  ^  . i  1  >* »  .  i »u  J  ii  produce  imiisu.il 


I  !  l  j  i* 


>  1  : '1  p  lest 


to  ,  i  -s  i .  ;j  ]  1  m  it  .it  i  t  *n  slid  irirn  I  so  decrees  ;in*l 
i !  i  *  mi  ,  in  j>,irt  i  *  ii  I  .u  ,  r  •  •  v«  i  si  ■  s  .  Sen  sit  i  v  i  t  v  t  o 
il.i  ••  ‘-in.!  it*!  bv  v.irvjn,’  tin-  nn>*  le  usctl  in  tin*  I  KAMI 

i  .1 1  inns.  A  I  so  otlnr  sjur  inirns  should  In*  examined  to 
n  results  appear  in  t  iirsc  spin*  linens  as  well.  Fse 
»  is,  nr  two  sMirt  rnni't  rt's  simultaneously,  to  col  h*rt 
■  ;  *  t »  . :  in  nrdi  i  to  remove  art j fact s  associated  with  tin* 
s  i  ti-r  iTvstal  .  Tin-  veneral  conclusion  at  this  point 
i  .if  ions  in  runivnt  rnt  ions  mav  hi*  present.  Further 


it-,  v.i-ti  init  iated  on  the  Hir'd  material  as  part  o! 

I  ‘ir  . undit  ions  under  which  prec  i p  i  t a t  i on  o*  Si  and 
.hod  employed  was  to  encapsulate  the  specimen. 


rat  ,  Fold  tor  1  >  min,  and  then  water  quench. 


i 1  1  o •  p«  i.  studied  was  the  base  material.  Figure  Ft  shows  the 
e •  i  .*•  i.  rost  nn  t  ntvs  obtained  between  1K2'>  and  dHOOrT.  The 
s  t  ,  n  ->  at  1  s.’  i  an.!  lrt'»()  "J*  are  essent  iallv  tin*  same  t  vpe  as  t  hose 
.ii  the  allov  alter  HIF'iiu*  and  alter  agin^  at  |()0()°F.  A  major 

at  is  '  /  I  ,  where  t  rails  I  ormed  beta  is  present.  The  develop- 
•  t  i  :iio:  ormed  beta  coni  inues  at  1C)()0°F  and  147  >°F,  where  the 
nt  i  ,  essent  iallv  complete.  At  a  multi-phase  microst  ructurc 

id  which  ri.iv  he  the  result  ot  oxidation  of  the  specimen.  The 
j.  tare  nhsi  rved  at  1  4  7  Vt  is  W  i  dmanst  at  t  en- 1  i  ke  in  appearance, 
the  m i *  rest tuc t ure  displays  martensitic  structures  and  is  primarily 


From  these  data,  one  concludes  that  the  beta  transus  occurs  at  1850°F. 
These  values  for  transus  temperatures  are  those  expected  for  Ti-5  Al-2.5Sn 
according  to  the  literature  values  (beta  at  1875°F). 


Aging  experiments  were  conducted  to  obtain  data  on  changes  in  microstructure 
induced  by  heating.  Figures  40-45  show  microstructures  after  heating  at 
540°C  for  29  hr  in  vacuum,  air  cooled.  These  figures  are  comparisons  of 
CCS  and  CCSH  alloys  after  aging  at  29  hr  at  1000°F,  air  cooled.  Generally 
the  new  grain  structure  observed  in  the  HIPfd  specimens  developed  more 
fully,  and  the  lath  boundaries  faded.  A  second-phase  was  evident  on 
several  samples. 

Heat  Treatment.  The  three  furnaces  in  Bldg.  32,  Room  17,  required  updating 
and  improvement  in  the  flexibility  in  control  of  the  temperature  profiles 
attainable.  To  accomplish  this  process-cont rol ler  additions  were  designed. 
The  Micricon  Process  Controllers  were  integrated  into  the  existing  control 
svstems  on  each  furnace.  The  controllers  are  programmable  to  allow 
control  of  one  or  two  process  variables  on  each  furnace. 

The  Centorr  hot  press  is  designed  to  apply  hydraulic  uniaxial  loads  of  up 
to  100,000  lb  on  a  specimen  in  vacuum  at  temperatures  up  to  about  1900°F. 
Figure  46  is  a  block  diagram  of  the  system  showing  control  loops,  inputs, 
and  outputs  to  he  attached  to  and  controlled  by  the  controller. 

figures  47  and  48  are  block  diagrams  of  the  middle  Brew  and  quench  Brew 
furnaces.  These  were  generated  in  order  to  identify  precisely  the  control 
variables  required  by  the  programmer  controllers.  The  actual  values  of 
tin'  variables  (ranges)  are  listed  for  each  furnace  on  pages  79  and  80. 


68 


WATER  WATER _  FLOW 


Figure  47.  Block  Diagram  of  the  Brew  Quen 


Figure  48.  Block  Diagram  of  the  Brew  Vacuum  Furnace. 


Onri-  t  he  svstms  were  det  a  i  led  ,  a  Micricon  Programmer  Controller  was 
oh  t  a  i  nt  d  .in  <1  set  up  to  control  t  lit*  hot  press.  A  representative  temperature 
protile  was  Irawn  up,  ami  a  program  to  obtain  this  profile  was  written  and 
entered  into  the  programmer.  The  coni roller  functioned  accurately  in 
following  the  desired  profile  in  terms  of  turning  on/off  relays  and 
pi oport  ional  power  output,  therehv  demonstrating  the  feasibility  of 
obtaining  oontrol  ot  t  lu*  hot-press  system  and  the  others  as  well. 

\n  evar.pl*  ot  a  oontrol  prof  ile  is  shown  in  Fig.  49.  The  temperature 
regimes  are  divided  into  a  set  of  time  segments  during  which  events  are 
keved  to  occur  or  the  temperature  ramps  are  activated.  The  programmer 
controller  is  programmer!  to  control  power  to  the  furnace  in  a  time- 
:u  opor  t  i  otia  1  control  mode  tor  maintaining  a  setpoint  to  predetermined  high 
am!  low  deviations.  The  events  (on/off)  are  actuated  bv  switching 
1  i  *  signal'  d  solid-state  re  lavs  during,  the  segment.  Details  of  the  programming 
t-  pcirvd  will  not  h*  presented  here  since  these  are  available  in  the  Micricon 


lilt*  prat  ion  ot  the  controllers  into  the  furnace  systems  has  been  accomplished 
in  cp  ;;  a  wav  that  the  full  manual  control  has  been  retained.  Hither  pro¬ 
claimed  pie:  iles  can  he  run  or  manual  heat  treatment  can  be  accomplished. 

T •  i  is  t  lexihilitv  is  required  because  of  the  research/development  nature 
ot  tiu*  work  to  he  accomplished  using  the  furnaces. 
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LIST  OF  VARIABLES  USED  FOR  EACH  FURNACE 


Hot  Press: 


Sensors 


TC-tvpe  K 

Pressure  (vac)  0-10  mV 

Stress  0-10  mV  LOAD 

Water  interlock  120V  relay 


Switches 


Mech  pump 
01 ff  pump 
Heaters 


Cont rol -Heaters 


Thyratron  0-6. 4mA 

into  0-3K::load 


Brew  Vacuum  : 


Sensors 


TC-  Type  K 

Pressure  (vac)  0-10  mV 
Water  interlock  120  VAC  Relay 


Switches 


Mech  Pump 
Diff  Pump 
Heaters 


120  VAC  RE lays 


Cont ro 1 -Heaters 

Phaser  power  controller  Model  646 
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Hrrw  i  >t u -nt  i : 

St  UsO  t  s 

TC  I'vpt*  K 

Pressure  ( VAC’ )  O-lO  mV 
Water  interlocks  120  VAC  Kt  lav 
V urn,  ni’2 

Oih*ncM  reaiiv,  Oiu*nch  power 

Sv  i  1 1* lie s 

Merh  Pump  I 
Ditt  pump  l 
Kurnact-  start 
Ciumu’Ii  start 


(  on  t  ro  1  1  e  r  s 
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